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Abstract We perform a Bayesian model selec-
tion analysis for interacting scenarios of dark
matter and modified holographic Ricci dark en-
ergy (MHRDE) with linear interacting terms.
We use a combination of some of the latest cos-
mological data such as type Ia supernovae, cos-
mic chronometers, cosmic microwave background
and baryon acoustic oscillations measurements.
We find strong evidence against all the MHRDE
interacting scenarios studied with respect to ΛCDM
when the full joint analysis is considered.
1 Introduction
It is well known that our universe is currently
in a phase of accelerated expansion [1]. This ac-
celeration is driven by the so called dark en-
ergy, which in the standard cosmological model
is represented by a cosmological constant Λ. The
standard cosmological model or ΛCDM provides
a good explanation for the current acceleration
but it has some drawbacks, the cosmological
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constant problem [2,3], the coincidence problem
[4,5,6] and the tension in the values obtained for
the Hubble parameter from local measurements
and inferred from Planck’s data [7,8,9].
Over the last twenty years, many dark en-
ergy models have been proposed in order to ex-
plain the observed current acceleration of the
universe (see references [10,11,12] for reviews on
this topic). In particular, holographic dark en-
ergy models are based on the holographic prin-
ciple (see reference [13] for a review). Accord-
ing to [14] the energy contained in a region of
size L must not exceed the mass of a black hole
of the same size, i.e., in terms of the energy
density ρ ≤ L−2. In a cosmological context,
the largest L allowed is the one saturating this
inequality. Based on this idea, Li [15,16] pro-
posed a model where the dark energy density is
given by ρx = 3c˜2H2, where c˜2 is a constant.
Nevertheless, it is not possible obtain acceler-
ated expansion from a model with the dark en-
ergy given by ρx ∝ H2 [17], because of this,
alterative models motivated by the holographic
principle have been explored. Among these, the
model ρx ∝ R was proposed [18], where R is the
Ricci scalar. Subsequently, in reference [19] it
was noticed that the Ricci scalar curvature gives
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2a causal connection scale of perturbations in the
universe. There are many studies on these kind
of models dubbed holographic Ricci dark energy
(HRDE), e.g., see references [20,21,22,23,24,25,
26,27,28]. Furthermore, in reference [29] an ex-
tension or modified holographic Ricci dark en-
ergy (MHRDE) model was proposed, where the
dark energy density is given by
ρx = 3(αH
2 + βH˙) (1)
for α and β constants. For more details on this
model see references [30,31,32,33,34].
On the other hand, in reference [35] the au-
thors investigate a general formalism for inter-
acting holographic dark energy models in order
to solve the coincidence problem. In this work
the characteristic size of holographic bound L
and the coupling term of interaction Q for dark
energy are not necessarily fixed. Over the years,
many interacting holographic scenarios have been
studied, see for example references [36,37,38,39,
40,41,42,43,44,45,46,47,48,49,50,51,52,53,54].
In particular, scenarios with linear interac-
tion, where the components are dark matter ρm
and holographic dark energy ρx, with interac-
tion terms of the type Q ∝ Hρm, Q ∝ Hρx and
Q ∝ H(ρm + ρx) are studied in [36,42,47]. In-
teracting terms proportional to the dark energy
densities and/or its derivatives in the context of
modified holographic dark energy were studied
in references [37,39,40,41]. Likewise, there are
several models of non-linear interaction for dark
matter and holographic dark energy, e.g., inter-
acting terms Q ∝ H
(
ρ2x
ρm+ρx
)
, Q ∝ (ρmρxH ) and
Q ∝ H
(
ρmρx
ρm+ρx
)
have been studied in references
[45], [47,48] and [53], respectively.
In references [23,27,33,36,53,54,55] the per-
formance of holographic dark energy models in
fitting the data has been compared with the
ΛCDM model. In this sense, several criteria has
been used, χ2/dof , AIC and BIC [56] and bayesian
evidence. In this sense, bayesian model selection
through the bayesian evidence is a more power-
ful statistical tool in comparing the performance
of cosmological models in light of the more re-
cent available data and it has been widely used
in cosmology [57,58,59,60,61]. In particular, in
reference [62] inconclusive evidence was found
in studying a class of interacting models when
compared to ΛCDM and considering background
data.
The aim of this paper is to analyze the ob-
servational viability of interacting scenarios con-
sidering modified holographic Ricci dark energy.
To asses the models’ viability we perform a bayesian
model selection analysis and compare interact-
ing MHRDE scenarios with the ΛCDM model
in light of background data such as supernovae
type Ia, cosmic chronometers, baryon acoustic
oscillations and the angular scale of the sound
horizon at the last scattering. The paper is orga-
nized as follows. In section 2 we find analytical
solutions for the studied scenarios and describe
the kinematics of these models. In section 3 we
describe the data used and the methodology. In
section 4 we discuss the main results and in sec-
tion 5 we present the final remarks.
2 The interacting modified holographic
dark energy model
Let us consider a flat, homogeneous and isotropic
universe in the framework of General Relativity,
the spatially flat Friedmann-Lemaître-Robertson-
Walker (FLRW) metric. The Friedmann’s equa-
tion in this context is written as
3H2 = ρ , (2)
where ρ is the total energy density and 8piG =
c = 1 is assumed. On the other hand, from the
conservation of the total energy-momentum ten-
sor we have
ρ˙+ 3H(ρ+ p) = 0 , (3)
where p is the total pressure. A realistic cos-
mological scenario contains baryons (b), radia-
tion (r), cold dark matter (c) and a dark energy
3(x) components, in this work this last compo-
nent is assumed to be given by holographic dark
energy. In this context we consider the Fried-
mann equation (2) and the conservation equa-
tion (3) assuming ρ = ρb + ρr + ρc + ρx and
p = pb + pr + pc + px. From here on and for
the sake of simplicity we define ρd = ρc + ρx. In
addition, a barotropic equation of state is con-
sidered for all the components, pi = ωi ρi with
ωb = 0, ωr = 1/3, ωc = 0 and ωx = ω as a
state function. Furthermore, by including a phe-
nomenological interaction in the dark sector Γ ,
we separate the conservation equation (3) into
the following equations
ρ′b + ρb = 0, (4)
ρ′r +
4
3
ρr = 0, (5)
ρ′c + ρc = −Γ, (6)
ρ′x + (1 + ω) ρx = Γ, (7)
where by convenience we use the change of vari-
able η = 3 ln a and define ( )′ = d/dη. Note that
Γ > 0 indicates an energy transfer from cold
dark matter to dark energy and Γ < 0 indicates
the opposite. From Eqs. (1) and (2) we can eas-
ily notice that
ρx = αρ+
3β
2
ρ′ . (8)
By deriving Eq. (8) and replacing ρ′x = ρ′d− ρ′c,
ρ′c from Eq. (6), ρc = ρd − ρx, ρx from Eq. (8),
ρ = ρb + ρr + ρd, ρ′′b = ρb, ρ
′′
r =
16
9 ρr and ρr by
the solution of Eq. (5), in this order, we obtain a
second order differential equation for the energy
density of the dark sector ρd,
3β
2
ρ′′d +
(
α+
3β
2
− 1
)
ρ′d + (α− 1) ρd
+
1
3
(2β − α) ρr0 a−4 = Γ, (9)
where ρr0 is the integration constant from Eq. (5).
For a given interaction Γ = Γ (ρd, ρ′d, ρ, ρ
′), we
can analytically solve Eq. (9) to find the energy
density ρd, and consequently the energy densi-
ties ρx and ρc through Eq. (8).
In this work we study the general linear in-
teraction,
Γ = α1ρc + β1ρx, (10)
which includes four different types of interac-
tion, α1 = 0, β1 = 0, α1 = 0, α1 = β1 and
α1 6= β1. Notice that it is possible to describe
all these interactions with terms proportional to
ρd, ρ′d, ρ and ρ
′. Then, we can rewrite Eq. (9)
as
ρ′′d + b1 ρ
′
d + b2 ρd + b3 a
−3 + b4 a−4 = 0 , (11)
including the four interaction types of our inter-
est, where the constants are defined as
b1 = 1 + α1 − β1 − 2(1− α)/3β,
b2 =
2
3β
(α(1− β1 + α1)− 1− α1) ,
b3 = Ωb0(β1 − α1) (1− 2α/3β) ,
b4 =
2Ωr0
3β
((2β − α)/3− (β1 − α1)(α− 2β)) ,
and Ωb0 and Ωr0 are the density parameters (i.e.
Ωi0 = ρi0/3H
2
0 with i = {b, r} for baryons, the
radiation and H0 is the Hubble parameter). The
general solution of equation (11) has the form
ρd(a) = 3H
2
0
(
A
a3
+
B
a4
+ C1 a
3λ1 + C2 a
3λ2
)
,
(12)
where the integration constants are given by
C1 =
A(1 + λ2)
(λ1 − λ2) +
B(4 + 3λ2)
3(λ1 − λ2) +
2 (Ωx0 − α)
3β(λ1 − λ2)
+
3Ωb0 + 4Ωr0 − 3λ2(Ωc0 +Ωx0)
3(λ1 − λ2) , (13)
C2 = −A−B +Ωc0 +Ωx0 − C1 , (14)
and Ωc0, Ωx0 are the density parameters for the
cold dark matter and the MHRDE, respectively.
The coefficients in (12) are given by,
A =
b3
b1 − b2 − 1 , B =
9b4
12b1 − 9b2 − 16 ,
and λ1,2 = −1
2
(
b1 ±
√
b21 − 4b2
)
. (15)
4Therefore, the Hubble expansion rate can be
written as:
H(a)2 = H20
(
A¯
a3
+
B¯
a4
+ C1a
3λ1 + C2a
3λ2
)
,
(16)
where A¯ = A+Ωb0, B¯ = B +Ωr0, Ωb0 +Ωr0 +
Ωc0 + Ωx0 = 1 and the radiation term includes
the contribution of photons, Ωγ0, and neutrinos,
Ων0.
Notice that, without an interacting term, a
HRDE model, ρx = α(2H2 + H˙), is recovered
from (16) for α = 2β, b3 = b4 = 0 and A = B =
0. Likewise, a MHRDE model, ρx = 3(αH2 +
βH˙), is recovered from (16) for b3 = 0 and A =
0.
On the other hand, using Eqs. (8), (10) and
(12) into (7), we obtain an expression for the
variable state parameter,
ω(a) =
D1 a
−3 +D2 a−4 +D3 a3λ1 +D4 a3λ2
A˜ a−3 + B˜ a−4 + C˜1 a3λ1 + C˜2 a3λ2
,
(17)
where A˜ = (2α− 3β)A¯, B˜ = 2(α− 2β)B¯, C˜1 =
C1(3βλ1 + 2α), C˜2 = C2(3βλ2 + 2α), D1 =
2α1A + (β1 − α1)A˜, D2 = 2α1B + (1/3 − α1 +
β1)B˜, D3 = −2C1(1 + λ1) and D4 = −2C2(1 +
λ2). In the limit to the future (a→∞), the ex-
pression (17) becomes ω → −2(1+λ2)3βλ2+2α for λ2 >
λ1 > −1, which could assume positive or neg-
ative values depending on the interacting and
holographic parameters.
In addition, from ρc = ρd−ρx, (8) and (12),
the coincidence parameter (r = ρc/ρx) becomes,
r(a) =
Aˆa−3 + Bˆa−4 + Cˆ1a3λ1 + Cˆ2a3λ2
A˜ a−3 + B˜ a−4 + C˜1 a3λ1 + C˜2 a3λ2
(18)
where Xˆ = 2X−X˜ forX = A,B,C1, C2. There-
fore, the asymptotic limit of r(a) as a→∞ for
λ2 > λ1 > −1 becomes
r∞ → 2
3βλ2 + 2α
− 1 , (19)
a constant depending on the interacting and
holographic parameters.
Furthermore, from Eq. (12) we can obtain
the deceleration parameter q = −
(
1 + 3ρ
′
2ρ
)
as
q(a) = −1+3
2
A¯
a3 +
4
3
B¯
a4 − C1λ1a3λ1 − C2λ2a3λ2
A¯
a3 +
B¯
a4 + C1a
3λ1 + C2a3λ2
.
(20)
Notice that in the asymptotic limit a → ∞ we
get q → −1− 32λ2 for λ2 > λ1 > −1.
3 Observational analysis
In the observational analysis we use data such
as cosmic chronometers, obtained through the
differential age method and reported in refer-
ence [63], supernovae type Ia (SNe Ia) from the
Pantheon Sample [64], baryon acoustic oscilla-
tions from 6dFGS [65], SDSS-MGS [66], eBOSS [67],[68],
BOSS DR12 [69] and BOSS Lyα [70], and the
angular scale of the sound horizon at the last
scattering [71]. In the following, we briefly present
each one of these dataset.
3.1 Cosmic chronometers
We use 24 cosmic chronometers obtained through
the differential age method (see table 4 in [63])
by taking the relative age of passively evolving
galaxies with respect to the redshift [72]. This
procedure provides cosmological-independent di-
rect measurements of the expansion history of
the universe up to redshift 1.2 [73]. In our anal-
ysis, the theoretical value of the Hubble expan-
sion rate is given by equation (16).
3.2 Supernovae Type Ia
We use the most up to date compilation of su-
pernovae type Ia, the Pantheon Sample, con-
taining a set of 1048 spectroscopically confirmed
5SNe Ia [64] ranging from redshift 0.01 to 2.3,
along with a covariance matrix (including statis-
tical and systematic errors). The Pantheon cat-
alog contains measurements of peak magnitudes
in the B-band’s rest frame, mB , which are re-
lated to the distance modulus as µ = mB+MB ,
where MB is a nuisance parameter correspond-
ing to the absolute B-band magnitude of a fidu-
cial SN Ia. In our analysis we theoretically com-
pute the distance modulus at a given redshift as
µ(z) = 5 log dL(z) + 25, (21)
where dL is the luminosity distance in units of
Mpc,
dL = (1 + z)
∫ z
0
H0 dz
′
H(z′)
, (22)
and H0 is the Hubble parameter.
3.3 BAO data
The isotropic measurements of the BAO signal
are given in terms of the dimensionless ratio
dz(z) = DV (z)/rs(zd) (23)
where DV is a combination of the line-of-sight
and transverse distance scales defined in refer-
ence [74], zd is the redshift at the drag epoch and
rs(z) is the comoving size of the sound horizon,
where DV and rs are defined by
DV (z) =
(
(1 + z)2DA(z)
2 cz
H(z)
)1/3
and (24)
rs(z) =
∫ ∞
z
csdz
H(z)
(25)
respectively, with c the speed of light, DA(z) =
c
(1+z)
∫ z
0
dz
H(z) the angular diameter distance, cs =
c√
3(1+R)
being the sound speed of the photon-
baryon fluid and R = 3Ωb4Ωγ(1+z) [75].
We use isotropic BAO measurements from
6dFGS [65], MGS [66] and eBOSS [67].
Furthermore, we use the anisotropic BAO
measurements from BOSS DR12 [69] and Lyα
forest [70], which are defined in terms of DA and
DH = c/H(z), as shown in table 2 of Ref. [76].
We use these data along with the corresponding
covariance matrix in Ref. [76].
3.4 CMB data
We use the CMB compressed likelihood and fix
the physical baryon density to Ωbh2 = 0.022383,
as reported in [77]. The only contribution of
CMB data we consider in this work is the angu-
lar scale of the sound horizon at the last scat-
tering:
`a =
pi(1 + z∗)DA(z∗)
rs(z∗)
(26)
where the comoving size of the sound horizon
is evaluated at z∗ = 1089.80, according with
PlanckâĂŹs 2018 results [77]. We compare the
value obtained in our study with the one re-
ported by the Planck collaboration in 2015, `a =
301.63± 0.15 [71].
3.5 Bayesian model selection
The Bayesian inference (based on the Bayes’
theorem) is a robust statistical technique for pa-
rameter estimation and model selection widely
used in the study of cosmological scenarios [62,
56]. The Bayes’ theorem relates the posterior
probability P for a set of parameters Θ, given
the data D, described by a modelM,
P (Θ | D,M) = L(D | Θ,M)P(Θ | M)E(D | M) (27)
where L, P and E are the likelihood, prior and
evidence, respectively.
In comparing the performance of two differ-
ent models given a dataset, we use the Bayes’
6factor defined as the ratio of the evidences of
models M1 and M2 as:
B12 = E1/E2 (28)
where the evidence is obtained integrating Eq.
(27) over the space of parameters. If the mod-
els M1 and M2 have the same prior probability,
then the Bayes factor gives the posterior odds
of the two models.
To compare the studied models with the ΛCDM
model, we use a conservative version of the Jef-
freys’ scale defined in reference [78]. This scale
gives us an empirical measure for interpreting
the strength of the evidence in comparing two
competing models. The Jeffreys’ scale interprets
the evidence as follows, inconclusive if | lnB12| <
1, weak if 1 ≤ | lnB12| < 2.5, moderate if 2.5 ≤
| lnB12| < 5 and strong if | lnB12| ≥ 5. In all the
cases, the evidence is interpreted as in favor of
the tested model if lnB12 is positive or against
if negative.
In our work we consider ΛCDM as the refer-
ence model, as such, the subscripts in the BayesâĂŹ
factor (28) will be omitted hereafter.
To compute the evidence and generate the
posterior distributions we use the MultiNest
algorithm1 [79,80], requiring a global log-evidence
tolerance of 0.01 as a convergence criterion and
working with a set of 800 live points to improve
the accuracy in the estimation of the evidence.
4 Analysis and Results
We performed a Bayesian comparison analysis
of the general interaction model Γ = α1ρc +
β1ρx with the ΛCDM model in terms of the
strength of the evidence according to the Jef-
freys’ scale. We consider a combination of back-
ground data, type Ia supernovae, cosmic chronome-
ters, baryonic acoustic oscillations and cosmic
microwave background.
1https://github.com/JohannesBuchner/MultiNest
In the studied models the prior probability
distributions for free parameters are shown in
table 1. We have chosen a uniform prior for pa-
rameters such as Ωc, α, β, α1, β1, and MB , and
a Gaussian prior for the parameter h. For the
parameter Ωc we choose a conservative uniform
prior between 0 and 1, for the dimensionless
Hubble parameter h we adopt a Gaussian prior
centered in the value reported by Riess et al.
in Ref. [81]. The priors for the holographic pa-
rameters were considered positive and small [40,
43], the prior for the interacting parameters are
uniform distributions centered in zero and for
the Pantheon Sample parameter MB , we use a
conservative range including the value reported
by Scolnic et al. in reference [64].
Table 1 Prior probability distributions for the mod-
els’ parameters. For a Gaussian (G) prior we inform
(µ, σ2) and for a Uniform (U) prior we inform (a, b)
representing a ≤ x ≤ b.
Parameters Prior Ref.
h G(0.7352, 0.0162) [81]
Ωc U(0, 1) -
α U(0, 1) [40,43]
β U(0, 1) [40,43]
α1 U(−1, 1) [56,62]
β1 U(−1, 1) [56,62]
MB U(−20,−18) [64]
We expect interacting models mainly affect
the late time evolution and not the physics of
the primordial universe. In this sense we con-
sider the following constraints: Ωbh2 = 0.022383
[77], Ωr = Ωγ
(
1 + 78 (
4
11 )
4
3Neff
)
with Neff =
3.046 [83], and Ωγh2 = 2.469×10−5 [82]. More-
over, for the redshift at the drag epoch and
the last scattering epoch we use Planck’s re-
sults [77], zd = 1060.01 and z∗ = 1089.80, re-
spectively.
Our main results are summarized in tables 2-
3. We labeled the studied interacting modified
7holographic Ricci dark energy models (IMHRDE)
in the following way, IMHRDE 1, 2, 3, 4 repre-
senting α1 = 0, β1 = 0, α1 = β1, α1 6= β1,
respectively.
In tables 2 and 3 we present the mean value
and 1σ error for the parameters of all the stud-
ied models, along with the logarithm of the ev-
idence, the logarithm of the Bayes factor and
the interpretation for the strength of the evi-
dence. We notice that by considering the Pan-
theon sample only we get weak evidence against
for each of the studied IMHRDE when com-
pared to ΛCDM (see table 2). In table 3 the
results for the full joint analysis, including SNe
Ia from Pantheon Sample, BAO, CC, and CMB
are shown, here we find strong evidence against
for each of the studied IMHRDE model.
As a comparison, we also indicate the re-
sults for models HRDE and MHRDE (without
interaction). For these scenarios in the full joint
analysis, evidence indicates more support when
compare to the interacting ones, nevertheless
the evidence also disfavor these models when
compare to ΛCDM.
On the other hand, in table 3 we notice that
the best fit parameters for models IMHRDE 2
and IMHRDE 3 are consistent with those of
MHRDE, this is because the interacting param-
eters are consistent with zero (at 1σ level) in
these cases, we further notice that the addi-
tion of interaction for these scenarios shift the
evidence for these models from moderate for
the model MHRDE to strong for the IMHRDE
models. Thus, we conclude that the studied IMHRDE
models are disfavored when compared to ΛCDM
in a full joint analysis with background data and
considering the Pantheon sample only. The evi-
dence shift to a better support for ΛCDM when
high-redshift data (CMB and BAO) are consid-
ered.
In the literature there are several studies
analyzing the performance of holographic dark
energy models in fitting background data com-
pared to ΛCDM. In particular, in reference [23]
the holographic Ricci dark energy model (HRDE)
without interaction is analyzed, the authors find
evidence disfavoring this model when compared
to ΛCDM. In reference [27] interacting HRDE is
studied with the AIC and BIC criteria and the
interacting HRDE model is concluded ruled out.
In reference [33] a modified holographic Ricci
dark energy model (MHRDE) without interac-
tion is considered and the χ2/dof criteria is
used to reach the same conclusion. In reference
[53] many interacting HRDE models are studied
and all of them are discarded according to the
BIC criteria when compared to ΛCDM. In ref-
erence [55] HRDE and MHRDE models are an-
alyzed without interaction, beyond background
data the authors consider growth rate data, with
AIC and BIC the authors find strong indications
against holographic models when compared to
ΛCDM. Likewise, in our work we find strong
evidence against the linear interacting modified
holographic Ricci dark energy models studied
(see table 3) when compared to ΛCDM in light
of the most recent background data.
In figures 1, 2, 3, and 4 we show the con-
tours of 68.3% and 95.4% confidence levels in
our analysis, corresponding to IMHRDE 1, 2, 3,
4, respectively.
Finally, from Eq. (19) we can evaluate the
performance of the IMHRDE models in allevi-
ating the coincidence problem. By considering
the best fit values for the parameters (table 3)
we notice that IHRDEM 1 and 4 alleviate the
coincidence problem (the coincidence parame-
ter tends to a positive constant in the future).
For model IHRDE 3 we notice that r∞ tends to
a negative constant, this is because for a given
redshift the dark energy density becomes nega-
tive in this scenario. For IHRDE 2 the coinci-
dence problem is not alleviated.
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Fig. 1 Contour plots for interacting model 1 show-
ing the 1σ and 2σ regions. We considered the full
joint analysis with Pantheon + BAO + CC + CMB.
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Fig. 2 Contour plots for interaction model 2 with
the 1σ and 2σ regions. We considered the full joint
analysis with Pantheon + BAO + CC + CMB.
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Fig. 3 Contour plots for interaction model 3 with
the 1σ and 2σ regions. We considered the full joint
analysis with Pantheon + BAO + CC + CMB.
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Table 2 Best fit parameters for the analysis with the Pantheon sample. The last two columns show the logarithm of the Bayes factor (lnB)
and the interpretation of the strength of the evidence. Note that lnB < −1 favors the ΛCDM model.
Model h Ωc α β α1 β1 lnE lnB Interpretation
ΛCDM 0.735± 0.015 0.257± 0.022 - - - - −521.610± 0.013 - -
HRDE 0.735± 0.015 0.182+0.072−0.059 - 0.502+0.065−0.082 - - −523.578± 0.019 −1.968± 0.023 Weak
MHRDE 0.735± 0.014 0.46+0.14−0.20 0.754+0.24−0.079 0.749+0.24−0.090 - - −522.490± 0.293 −0.880± 0.293 Inconclusive
IMHRDE 1 0.736± 0.014 0.58+0.14−0.26 0.63+0.31−0.15 0.813+0.18−0.064 - 0.17+0.71−0.37 −523.101± 0.054 −1.491± 0.056 Weak
IMHRDE 2 0.735± 0.014 0.58+0.23−0.26 0.64+0.33−0.16 0.70+0.28−0.12 −0.17+0.17−0.21 - −523.635± 0.041 −2.025± 0.043 Weak
IMHRDE 3 0.735± 0.014 0.65+0.29−0.17 0.58+0.29−0.24 0.72+0.26−0.10 −0.17+0.16−0.19 −0.17+0.16−0.19 −523.883± 0.085 −2.273± 0.086 Weak
IMHRDE 4 0.736± 0.014 0.60+0.26−0.23 0.62+0.31−0.19 0.72+0.25−0.11 −0.20± 0.26 0.16+0.71−0.41 −523.765± 0.068 −2.155± 0.069 Weak
10Table 3 Best fit parameters for the joint analysis with the dataset Pantheon + BAO + CC + CMB. The last two columns show the logarithm
of the Bayes factor (lnB) and the interpretation of the strength of the evidence. Note that lnB < −1 favors the ΛCDM model.
Model h Ωc α β α1 β1 lnE lnB Interpretation
ΛCDM 0.6907± 0.0050 0.2453± 0.0063 - - - - −541.229± 0.010 - -
HRDE 0.6951+0.0063−0.0076 0.1743± 0.0053 - 0.488± 0.014 - - −544.438± 0.074 −3.209± 0.075 Moderate
MHRDE 0.716+0.010−0.012 0.1660± 0.0061 0.974+0.024−0.0088 0.454± 0.016 - - −545.526± 0.040 −4.297± 0.041 Moderate
IMHRDE 1 0.7155+0.0088−0.012 0.365
+0.016
−0.030 0.895
+0.10
−0.039 0.668
+0.092
−0.12 - −0.177+0.090−0.042 −547.346± 0.021 −6.117± 0.023 Strong
IMHRDE 2 0.7182+0.0083−0.011 0.1734
+0.0092
−0.0241 0.972
+0.027
−0.0090 0.476
+0.058
−0.096 0.001
+0.012
−0.0099 - −549.714± 0.043 −8.485± 0.044 Strong
IMHRDE 3 0.7173+0.0091−0.012 0.1689
+0.0082
−0.014 0.970
+0.030
−0.0099 0.462
+0.062
−0.077 0.0009
+0.0057
−0.0075 0.0009
+0.0057
−0.0075 −550.249± 0.066 −8.796± 0.067 Strong
IMHRDE 4 0.7162+0.0088−0.011 0.831
+0.15
−0.072 0.49
+0.11
−0.14 0.842
+0.14
−0.063 −0.328+0.082−0.12 −0.69+0.12−0.16 −549.161± 0.043 −7.932± 0.044 Strong
11
5 Final Remarks
In this work we have studied interacting modi-
fied holographic Ricci dark energy models, where
linear interactions are considered. We have found
analytical solutions to these scenarios (see Eq.
(16)) and we have performed a bayesian model
selection analysis. The bayesian comparison is
performed with the combination of background
data SNe + CC + BAO + CMB (see section 3)
and the fiducial model is assumed to be ΛCDM.
Our results indicate that there is strong evi-
dence against the IMHRDE models studied, this
conclusion is consistent with several studies where
holographic dark energy models have been con-
trasted with background data [23,27,33,36,53,
54,55].
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